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Relations between the yield and root and soil
characteristics of species from Mediterranean
pasture ecosystems
A. J. Hernández1, J. Pastor2, E. Estalrich1 and S. Oliver2
In this paper we examine the degree to which the most frequent species found
within Mediterranean pasture communities are those with the greaíest dry matter
yields. The aim of this study is to clarify the relationship between species
frequency, plant production and soil characteristics, which has not been greatly
examined in prevíous ecological studies. Knowledge of this relationship is very
important in understanding the permanence of these communities, which
constitute interesting agroecosystems because they are a fundamental part ofthe
traditional livestock systems in west-central Spain.
Introduction
In Spain there is abundant information about the floristic composition and the
ecology of Mediterranean pastures. This contrasts with the scarce information
about the quantitative relations between the pasture species and the soils where
they grow. It is sufficiently well known that the physical as well as the chemical
factors of the soil environment influence the distribution and the weight of the
plant species and communities (the plant composition and plant production of a
pasture site), but the surface of the soil is, nevertheless, an ecologically poorly
defmed habitat.
Site description
F
The study área is within the pasture territories of the central western part of
Spain. The sites were representative of the región, and they merit special
attention due to their being typical of pastures developed on dehesa siliceous
substraía. The studied rangelands are localized in soils with edaphic moisture and
they have oligotrophic characteristics. They are known as mediterranean-
iberoatlantic 'ballicares' with Agrostis castellana being dominant, and
amphibian 'ballicares' with Agrostis pourretii (Rivas Martínez and Belmente,
1985). They are very interesting communities in which to study the dynamics of
relationships between plañís and the environment on those ecosystems
1 Ecology Section. Science Departmenl University of Alcalá de Henares, Madrid, Spain.
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(Hernández and Pastor. 1988; Hernández et al.. 1989; Pastor et al., 1990). The
choice of these pastures was made on the basis of a series of characteristics:
(1) their valué is of interest in view of Ihe proportion of siliceous subsoils in
the Iberian península;
(2) their soils are of a dystric cambysol type. characlerislic of almost all the
extensive dehesas región in western Spain, and indeed elscwherc in
southern Europe;
(3) the chosen pastures remain fresher for a longer period of time than the
surrounding paslure arcas, due to their favourable soil and lopographíc
characlerislics.
These features convcrt them into summer pastures for transhumanl
cattle. which is a very important activity in Ihese clearly liveslock-onenled lands.
The chosen pastures correspond lo soil lypes which were pooresl in nulrienls, and
had Ihe lowest pH of the 75 sludied by the authors in this same territory. The
majority belonged to the conlinenlal variants of the Mediterranean climate.
Materials and methods
The physical and chemical characteristics of the soil superficial laycr (0-0.1 m)
were studied in 16 represéntame pastures of Ihe dehesas of wcst central Spain,
using average soil samples collecled by means of a probé in 8 x 4 m2 size plots.
Our soil study centres on Ihe 0-0.1 m surface laycr because il includes ovcr 70 per
cení ofthe rools in Ihe dehesa oligolrophic pastures in western and central Spain.
Grassland legume species are the most frequent ones in these systems (>50 per
cent of lolal).
The particle size distribution of soils was determined by the Boyoucos
hydromeler mclhod; particle density by Ihe pycnomcler melhod, wilh waler and
vacuum applicalion (Team for Slandardizing Analytical Methods, 1978); bulk
density by the core melhod (Black, 1965); field capacity and wilting point by
means of Ihe Richards pressurc-membranc inslrumcnt. The pH of the soil
samples (2 mm air-dried) was measured in waler. Exchangeablc hydrogen was
determined by exlraction with M KC1 (McLean et al., 1965). Exchangeable Ca,
Mg, K and Na were extracted from air-dried soils with M NH4OAc al pH 7. Tolal
nilrogcn was oblained by mineralizalion according to the method of Kjeldahl and
measured by auloanalysis using 'Technicon' (Cadahia. 1973). Availablc
phosphorus was exlracted according to Bray 1 (Bray and Kurtz, 1945) using
0.025 M HC1 and 0.03 M NH^F. Phosphorus was determined using the
molybdenum blue colorimetric method. Organic matter was determined by
oxidalion (Kohnke. 1963).
In each plol, the herbaceous species were galhered by Ihrowing five
random quadrals of 0.25 x 0.25 m, and sampling Ihe aerial biomass al flowering
stage. Sampling was at Ihe phenologic slage of fruclification, the time when these
grasslands atlain Ihe highest production. The plant samples were dried at 85°C.
After random distribution of 0.25 x 0.25 m squares in each plot, samples were
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also taken for the study of root and soil densities. In two of them, 0 1 m lugh
cores with a 0.075 m diameter were extracted and used to estímate the root
parameters in this soil volume. In the remaining squarcs. a couplc of suitablc
round sections were taken to measure the bulk density of the soil (0.04 m high
sections with a diameter of 0.07 m).
The extraction of roots in the ficld. the samplc preparation and the
techniques used for measuring root density (Lv = root length/soil volume)
followed the method of Newman (1966). and are dcscribed in Hernánde/ and
Pastor (1989).
Results
The soil characteristics are shown in Tablcs 1 and 2. The soils basically consist of
sandy loam, especially those on granite. The cambisols on slate. clearly tend
towards a higher percentage of silt. In soils with a higher proportion of the lattcr,
greater impermeability was observed when further soil analyses were carricd out
(Hernández, 1985). Organic inatler and a low clay contení are also importan)
factors with a positive influence on forming good stnictures in these soils.
contributing to a better aggregate formation.
Table 1 Physical soil characteristics of oligotrophic Mediterranean
pastures
Sand Silt Clay Bulk Porosity Ficld Avalladle
density capacity water
Site (%) (%) (%) (ecm3) (%) (%) (%)
1 64.7 25.9 9.4 .22 52.3 20.4 16.5
2 41.9 38.6 19.5 .22 50.2 31.3 22.9
3 59.8 28.8 11.4 .07 54.3 20.4 12.4
4 73.9 19.6 6.5 .38 41.8 12.2 7.3
5 91.9 4.6 3.5 .15 48.5 14.7 7.8
6 40.9 47.6 11.5 .43 44.1 32.4 24.9
7 16.9 63.2 19.9 .23 50.0 35.8 27.5
8 53.9 32.3 13.8 .05 56.9 38.6 30.3
9 73.0 23.2 3.8 .02 58.6 30.5 21.6
10 68.1 22.4 '9 .5 .20 52.0 17.5 11.5
11 68.1 22.4 9.5 .17 50.1 24.4 17.3
12 67.9 25.6 6.5 .08 53.5 39.8 20.7
13 69.0 20.6 10.4 .45 48.5 12.5 7.3
14 71.1 18.5 10.4 .60 36.1 12.3 6.1
15 52.2 32.3 15.5 .12 52.8 21 .1 13.2
16 31 1 30.6 38.4 .28 47.1 18.8 10.8 .
The physical properties of the soil surfacc layer, such as particle si/e and
bulk density in conjunction with organic matter, control the state of water.
producing higher or lower seasonal flooding in the soil level studied. Thereforc.
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it may be said thal water storage in these soils is infiílcnced by the lollowing
factors.
(1) The high silt (>50 per cent), resulting in higher field capacity (>30 per
cent) and available water (25 per cent).
(2) Organic matter (6-9 per cent) accumulalion causes the water falling on
the surface to stagnatc as if it were a watertight soil layer. unless the
structure is good. This leads to higher wütmg of these communities.
(3) Low porosity (<50 per cent) and low rainfall (an annual ramfall of 500-
700 mm) also cause seasonal flooding of the soils.
Table 2 Chemical soil characteristics of oligotrophic Mediterranean
pastures
Exchangc,ihle (ations (mcq lOOg1) P O.M. N
Site pH H Ca Mg K Na (ppm) (%) (%)
1 5.2 0.5X 2.50 0.76 0.15 0.17 40.0 2.60 0.100
2 6.0 0.30 7.09 5.22 0.13 0.27 14.0 5.30 0.158
3 5.2 0.61 4.59 1.07 0.36 0.17 94.0 13.49 0.265
4 5.1 1.31 1.40 031 0.26 0.18 113.0 7.75 0.155
5 5.0 0.03 3.10 U. 56 0.21 0.16 67.0 9.45 0.215
6 5.1 0.78 2.00 1 .21 0.19 0.16 13.0 7.75 0.150
7 5.4 0.89 1.60 1.62 0.21 0.24 9.0 6.15 0.173
8 5.3 0.62 3.10 1.52 0.23 0.45 12.0 9.63 0.180
9 4.8 1 . 1 1 0.70 0.51 0.15 0.24 40.0 10.24 0.196
10 5.4 0.50 2.30 1.34 0.47 0.21 49.0 7.70 0.163
11 5.0 1.39 2.40 0.74 0.49 0.20 26.0 11.93 0.219
12 5.0 1.10 6.18 1.37 0.51 0.27 43.0 32.80 0.400
13 5.7 0.45 2.80 1.23 0.28 0.20 43.0 6.20 0.148
14 5.2 0.69 6.59 3.08 0.21 0.24 27.0 2.63 0.059
15 5.3 0.65 4.60 l . (>2 0.17 0.22 23.0 7.05 0.143
16 5.8 0.25 9.08 2.50 0.30 0.25 13.0 5.26 0.146
These plant communities are characteri/.ed by acidic soils of pH between
5 and 6 (average of 5.3) and with low levéis of P, Ca. Mg, K and Na (Table 2). P
valúes are low; with the total nitrogen valúes averaging 0.179 per cent. The
comprehension of the chemical characteristics has to take into account the
dynamics of water in them. The humidity of these soils as well as their
oligotrophic character are the two features to which the plant species that grow in
these environments must adapt.
The acidity of the soils was a factor that. logether with the particle size
distribution, carried the greatest amount of information on the system, gathered
by Axis 1 of the analysis of principal components of the soils of these pastures
; (Estalrich et al. . 1992).
It seems that most of the total N in these soils comes from organic
¡: components and not so much from mineral nitrogen supplied by legumes. The
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percentage of organic matter is hígh in most of thc soils: Icgumcs wcre only
dominant in 21.3 per cent of the sampled quadrats. and were jointly dominant
jointly with grasses and othcr species in 17.4 per cent, \\hile in thc remaining
61.3 percent they were a minority. Therc are man)' rcasons why levéis of K are
low, such as the coarse sandy texturc and thc patterns of rainfall and acidity. The
natural K fertilization of rangelands by the grazing of shccp and cattle represcnts
considerable inputs of K., yet it is prone to be leached to thc lower hori/ons
(Pastorela/., 1993).
Table 3 Total number of annual and perennial species, root and
aerial plant biomass and root density
Site
1
2
3
4
5
6
7
8
9
lü
11
12
13
14
15
16'
Total no.
of speties
A / P
2 6 + 7
18+ 6
2 6 + 4
21 + 9
2 8 + 1 3
40 + 1 1
2 1 + 6
16+ 12
15 + 6
29+ 10
16+ 9
30 + 1 1
31 + 12
18+ 8
2 1 + 9
8 + 10
Aerial plant biomass
Legumes
13
398
221
45
62
101
199
74
102
74
484
123
27
5
3
-
Grasses
(g m -2)
294
247
238
235
134
65
163
152
131
144
386
223
185
413
189
-
Other
119
76
115
160
74
206
19
126
1
27o
51
36
72
97
67
-
Root
biomass
(gl1)
3.75
5.24
6.01
4.43
4.88
7.86
9.85
18.31
5,28
6.05
9.18
11.53
5.78
4.65
11.08
4.20
Lv
(cm cm 3)
3.08
13.14
10.79
9.90
20.20
35.42
36.34
41.51
17.96
26.37
24.37
33.77
9.22
7.12
19.95
8.96
In this locality it was not possible to ohtain thi
A - Annual species; P - Perennial species;
Lv (root density) root length < soil volume.
exact weight fbr the plant species.
The total number of annual and perennial plant species for each site is
shown in Table 3. The majority of quadrats generally includcd more than 15
species (Figure 1) though their weight is very variable according to the sites
(Table 4). In Hernández et al. (1991) is shown that only 14.7 per cent of all thc
species were found to be 'abundant'. The more important plant species are:
Trifolium subterraneum, T. dubiurn, T. campestre, T. cernuum, T. striatum, 1
glomeratum, Ornithopus compressus, O. perpusillus, Lotus hispidas and 1 "tcia
sativa among the Fabaceae and Agrostis castellana, A. pourretii, Cynodon
dactylon, Guadinía fragilis, Anthoxantum aristatum, (\nosurus echinatu**
Bromus hordaceus, Holcus setiglumis and //. mollis among the (jramineae. 01
these only five species are the most 'dominant': Agrostis castellana, Ciaudinio
fragilis, Cynodon dactylon, Trijolium subterraneum and Ornithopus comprensa*-
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¡'¡antago lanceolata is also important. This evaluation was carried out by
considering class frequency distribution by weight (Table 4). The minimum
weight per plot was found to corrcspond to the arca in which the soil has the
lowest Ca and Mg levéis (1.21 mcq/100 g of soil for Ca+Mg ) (site 9, Table 2).
The máximum weight is found in thc plot with the highest concentrations of these
elements (12.31 mcq/100 g of soil) (site 2, Table 2). Table 5 gives the dry
matter weights per plol for the most common grasses and legumes in these
pastures.
Figure 1 Frequency distribution of plant species
N" of Quadrats
25
20
15
10
0-5 5-10 10-15 15-20 20-25
NB of Species present
25-30
Table 4 Frequency distribution of aerial plant weights for all the sampling
squares according to the sclectcd classes
Oty weight (g) Number of squares
< 10
10-15 ,. i } ,,,..,
15-20 ! ¡' ...,
20-25 '•;;",,: "
25-30
_____>3()
17
20
16
9
6
7
Mínimum weight / square = 3. 1 9 g
, : . , - . , ' Máximum weight/ square = 51.56 g
Average weight / square = 24.70 g
The contribution of thc major botanical families to total plant biomass in
ese pastures has bcen mcasured. Biomass was significantly correlated only
'•"-h thc expcctcd variables: máximum grass height in each plot and legume
ei8nt. The múltiple linear regression analyses allowed the environmental
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factors to be better defmed. The follo\ving equations show the relationships
between soil factors (the independen! variables) and plant biomass (the dependerá
variable):
Y = 76 +245 X,
Y = 39 + 293 X, + 15 X2
Y = - 37 + 282 X, + 27 X2 + 83 X,
Y = - 54 + 232 Xi + 30 X2 + 72 X, + 4 X4
R
0.47**
0.57**
0.69**
0.72**
% Variance
21.76
32.22
47.69
51.34
where y = plant biomass. *i = K, x2 = Mg; x3 = H in the exchange complex; and
xt = per cent organic matter. K and Mg are the two macronutrients that most
affect biomass. Plant production in these pastures seems to depend on the ¡oint
action of all these factors. The second regression analysis shows how species
wcight depends mainly upon the species whose weights are greater than 5 g (z,),
and secondly upon the species that weigh 1-5 g (z2). The corresponding
equations are:
Y = 10.87 + 6.80 Z,
Y = 0.81 + 7.89 Z i+2 .79 Z2
R
0.77***
0.91***
% Variance
59.5
83.9
The information contained in thcsc two variables is clcarl) valuablc for
the better comprehension of biocenotic variation as estimated by species weight.
The results demónstrate that the most common grass species in these
pastures are also those with the greatest dry matter yield. In addition, legume
contribution to biomass is also significant, whether considered alone or together
with species from other botanical families. Weight variation reflects to a large
degree the available water content, surface layer aeration and the contení of basic
cations and nitrogen.
According to the valúes obtained for the total dcpth of the superficial
layer studied it can be seen that in grasslands with dner soils. root density
averages 30 cm cm"3. More humid habitáis average closer to 40 cm cm"3. and
communities growing in soils that are floodcd unlil late spring. reach averages
above 50 cm cm"3. The lowcr dcnsities generally corrcspond to grassy pastures.
When legumes are dominant valúes range between 20 and 40 cm cm'3. whilc
species not belonging to these families are heavily prcscnt, they can reach more
than 50 cm cm"3. Root length by soil volume (Lv) has a posilivc correlation with
their weight in the first top 0.1 m of soil (r = 0.791***). The root biomass of
belween 3 and 5 g I"1 correspond to plols where grasscs mainly contributc to most
of the pasture production. Between 5 and 7 g I"1 are the plots whcre grasscs and
legumes contribute equally to the yields. With a range between 7 and 10 g 1"' of
root biomass, we find the pastures with annual grasses and annual legumes. or
the last ones with other pasture species. With root biomass valúes > 10 g 1"', we
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find thal Ihe species. that mainly contribute to the pasture production. are
perennial (grasscs or other).
The success of grasses in this type of pasture is due to the morphologies
of their root systems (Hernánde/ et al.. 1992). In soils with seasonal retention of
water in the top fcw centimcters of thc superficial layer, the roots of these plants
nave importan! advantages compared with those of legumes. The fact of having
longer and fmer roots. with more branching than the corrcsponding fahaceae
species, allows their root surface área to extend. This affords them better
adaptation to the physical characteristics of thc soil, and so they have an
advantage where competition for water and less mobile ions (such as phosphorus)
are concerned. An obvious result of this is that in 73 per cent of the localities,
thc grasses had the greatest biomass in the whole of the grassland.
Table 5 Dry matter weight valúes and ranges of the main grass and legume species
Plant
GRASSES (weight/tiller)
Agrostis castellana
Anthoxanthum aristatum
Avena barbata
fíramus hordaceus
Cynosurus echinatus
Dactylis gloniemta
Uaudima fragili.i
Holcus lanattts
LEGUMES (weight/plant)
Lotus hispidas
( h'iiithopus compressus
Trifolium arvense
Trifolium campestre
Trifolium cemuum
Trifolium dubíuní
Trifolium glomeralum
Trifolium striatum
Trifolium subierraneum
mínimum
0.065
0.037
0.187
0.037
0.083
0.435
0.020
0.159
0.163
0. 1 92
0.139
0.045
0.032
0.042
0.051
0.189
0.098
Weight (g)
máximum
0.338
0.055
0.627
0.204
0.175
1.187
0.071
0.938
1.000
2.858
0.417
0.754
0.379
0.216
0.325
0.500
2.429
mean
0.171
0.050
0.394
0.089
0.134
0.802
0.059
0.518
0.639
1 . 1 32
0.227
0.292
0.184
0.133
0.186
0.3.36
0.798
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